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Wllcn a diffcicntiBl speed determined &otn the wbcd speeds 
ha& snperiznposed thereon a ^Gcqucncy typical of ddve train 
vibradons. a vitsraiiQn signal io geAtt&mi Wben the vibra- 
tion signal exceeds a tbteshold, a torsunud moment based on 
tfao differeDce between tlie engine speed and the dififereimal 
Speed is iKsed to modify activation tioies Of the brake 
pxessme oddiid] valves so that the drive tiain vibiatiaiia 
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ANTELOCK BRAKE SYSTEM 



BACKGROUND OF THE INVENTION 

Theinventicmielaiestoanaolilfx^bnkmgsyst^ $ 
in wbich whesl speed ^go^ls are used to produce brake 
pressure coniTQl signals to prevent slippage ^ the wheels. 
Such systems arc desGfibed, for mmple^ in U.S. PaL Nos. 
5,136^09 and 5:149^52. 

Dmxag ABS cotODl, pactoilarly in vehicles with fsosA 
wheel diive^ vihratttms occur at the driven wheeU, these 
being caused by flesobility between the engine and the 
wheels. 
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SUMMARY OP THE HlMBNTEON 



By means of the invention, such vibratiaos axe detected 
and damped by smlsAilfi nkeasiueSw The fi fff ^iet yiiw*i^i yni here 
is for ihe MneratiM of a Wbntiim sigoal wbicd) i$ eharac- ^ 
tenstic of me presence of such vxbratians. The engice speedy 
iBduced to the wheel speeds must fijitbennorp be dgtermfned 
and, if the vibration signal is pteseniy the dianges xo the 
torsianal moment in the drive train must be determined from 
the engine speed. The manipulaied vanahle of the ABS 25 
ooDtroUei, e-g. the activation times of the solenoid valves 
which feed the brake psBSSQce intn the wheel cylinders of flie 
driven wheds^ ace conected in acandance with diis tor- 
siozial momeiit to provide '^™r'"fi ^ decay of tlic drive 
tndn vibfation. 



BRIEF DESCRlPnON OP THE DRAWING 

FIG. lA is a diagiem mittoatii^ a finA ca^^ 
ABS ooumoUer BDcmSbs to the invention, as 

no, IB is a diagiBin iUtistiatxpg a second embodiment of 
an ABS controller acondix^ to the invention, 

FIG. 2 shows a block diagram of an ABS of diffisreot 
configDiation, with a vibration conector and 



FIG. 3 showd a filter anangcmcst. 

D&IAIL£D I^SSCRIPnON OF THE 
PREFERRED EMBODIMENT 



40 



In FIG. 1 A, a blodc U which dctgnnirfgff the wbcd speeds 
of a vebicle conudns whcd speed sensors^ assigned to the 
individual wtctls or \(dxeel gtOops. These whcd speed 
signals V^i arc fed 10 a block 12, is pan of the 

evaluation cixcuit and evahiates the wheel speeds in accor- ^ 
dance, for eacample, with the leacHiig known fsonx U-S. PaL 
No. 5,136^09. Signals U2 arc' output at die on^uc of the 
block 12 (e.g. in accoidancc with U.S. Pat Na 5,136,509), 
and theae ans then normally OOnvcKtod ip a blodc 13 into 
acDvatkm times AT for the brake pressure ooaxrol devioes 55 
(eLg. 3/3-way valvesX The piessizxe bmld-up and piessixte 
reduction gradients (gain fectnis) have a decisive influence 
OD die convcniuii. 

According to the inventzon, wh^ drive craio vibraiiotts 
ocoir the contRfl vandkles U2 fiv the various wbeds each 60 
have supedmposed oafheminablock 14 a signal U3 which 

ia the drive oani. A conected vaiii^ U2^ is fibnned in 
which the Gmsional moment is allowed for and tram which, 
in bladL 13, aedvalinn rimes AT are cnTwilitfi'd, these bring- dS 
ing abont decay of the hain vibsaiion, that is to say damping 
of the ip^t?i» 



The correction signal U3 is produced as follows; 

In a block 15, the speed of intaticHi at the diSerential U 
determined &am the speeds o£ the driven Wheels, Hiis speed 
signal V0 is fed ro a block 1 ( which detemiines die vibration 
frequency of the speed W^^ e.g. by measuring the time gap ' / 
between two martma Qx two trrr niTinfl of thc Signal The • 
block 16 also monitors by filtering whether tha speed signal 
has had superimposed on it a signal with a frequency which 
lies within a specified ^equency range (e.g. 5^12 Hz) 
characteristic of the drive train vibnttions of ihe veMcle. In ^ ^ 
ablock 17, a yfbcacion signal is produced from tliB variation, 
in the speed of the dlSciendel, by, for cstample, evaluation 
of the curvature of the speed of tlie differential by low^ass- 
fihsring. That is, the band pass fflteted signal liom block 
16 is twice (BffiacsQaicd'to prodoce the curvature dFv/dt^.^ |^ 
The cnxvaturethos represents change ta aecdecacioiii wMch. 
is brg^ near a mairiiwim Of Yd. Iq the case of a fixed 
fieqaency, the ampiUtude the vibrarioQ increases whfa tlie- 
curvalme of thc speed Vo. The cDrvaoua is filiaed by a 
low-pass Slier ia Oder to dunmste high fiequeoides. 4t 

If diis signal exceeds a specified threshold, blodc 17 
produces an output signal whidli indicates that drive oain 
vibradnns are present The determiaalion of drive ttaiiL 
v&bndoins thns leqimes both (1) vfltnatlon fioequency lo a 
^pcdfiedzangci am] C^^ihe low-pass filtered currattne signal 
c9C06cds a spedfiod threshold. 

The speed of rotation at die difierendal is also fed to 
a tdock which f^nsems 4 bandpass filtcL The filter can 
beaseoondKitderliiiearfilief; eg. aDT2 fiber, as illustrated 
in FIG. 3L In dus. blocks iSa and 186 ate low passes, b]k)Ck 
tSc is a difieremiator and the dements iSc/ and Ue att 
snpcxinqiositiQa stages. The engine speed signal Vjr ia 
obcauied at the onQnit of block 18. 

According to a sec^ cmbodiracDi, iUustiaicd in PlO. 
IB. Vji, can be detemdned in Uocsk 18' acooxding to 
Vjtf^f*^/!. where is the dzraedy measiued engjoe 
speed fiom sensor % and 1 is the total ttansmisaoii ratio 
(uansmisBion and dififeremial) fiom block 10. Kock IQ 
drtprminrs the gear engaged by the tiaiiBinission in a known 
w)^, and the differential lado is avefaicle^spedfic ooostanL 
Generally ihe gignaT g gngrar gH accntiWiy ^ ^t^ y fwi^^rm fff lgn t 
is not filtered, however a weak filtering may lie accessary if 
the figaal qtiaHty is bad (eg. noise). 

The gngiTita speed Mgnai is equivalent to the speed of 
rolation Vp at the drfffirential (the average of (be wheel 
spcedsX whan there is a statiotta^ Coo aeeeleiaiion or 
docclcralioh) and vihration-£nce drive mode of the vehicle. 
Therefore Vj, can be determined from Ibe speed <^ rotation 
at tlie difiE^mntial (first *»wb^yd*t*'M.T) or fiom due en^ne 
speed (second emhortitnent). 

The tOftsional moment M(t) in the drive train is deter- 
nroed in a Uodc 19 in accordance with i2ie fioHowisig 
reladon: 



[Viia-it^-Vfia-iiii 



in this: 

c^xigidity between engine and driven wheels 

r^heelradh» 

<0-|jit!queiicy of die vibratioo 

AFfflnplimde of (he toraioiiail vibration 
phase disjdaoement 

Thc w^^fft oxnnGiit M(t} at time t is thns pmpm -ii f^i 
to thc di&icQcc between the engine spteA and the spesed 
of rotaiion V^^ at the difileicnrial at time (Mj^- 



PAGE 13ll4'R(M)AT3r30l20(l56:25:10PM [Eastern standard Timel'SVIlUS^ 



Mar-30-05 06:31pin ProiD-Honiginan. Uillsr, Schwart , Cohn 



248 566 8311 



T-501 P. 014/014 F 



5,556,174 



Hie coniro] vaiiable TJ2 cm now be corrected by a 
variable U3 popcnd^msl to the torsional moment Met) when 
block 17 indicates that drive train vibmiioiiB axe j^rcsent, and 
the drive tzain vfttrations thus decay. When blodk 17 indi- 
caies no drive umo vihiations, U2 is not changed (U2'=U2). 
From ihe now cozrected manipulated variaUe U2*, valve 
activaiian times AT are calculatsd in block 13. By means of 
the valve acdvaiion times, the ABS contzoUer sets 
cZiaRge$ is the wheel bmkc cylinder; ibese in tam leodiAg to 
changes in the bitOong (oique at the wheel! 



10 



AMir^iumge in the braAdng toiqne 
Cg^xaksng constanX 

Gmd=pressiue gradient (different for pressure bnfld-op is 

and pre$$ute reduction) 
Hns chpgc in braldng tcsquc specified by the ABS . 
algoiitfam is now comscted by the torsional xQOmeni: 
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The cxcmplaiy embodiment of FIG. 2 shows an ABS in 
which the wheel speed signals fiom ttie speed seasois 21 and 
a l efer eoc e speed fanned In a block 22 aoro used in a block 
23 to derive an iostal^lity criterion E which oinpm aD ^ 
oQtput signal if the siahili^ ciitBrion exceeds a ibre8holdI& 
Hie iRstabiliTy criterion can be formed, for cotazxiple. in 
accordance with U.S. Pat No. 5^49,852. 

If block 23 emits a agnal because dime is insta]xlity, a 
pressure icducdon signal of a hlocil^ 24 ivill pass via a switch ao 
26 to a Mock 25, in ^^ch an activation time foi pressure 
ffduction is r«imigt«H jj^fj^j^i zcsuh dist pressme at the 
correspondn^ wheel tacaks ia t«dueed (valve iC). If block 23 
indicates that a ihteshold has not been exceeded, the (sym- 
bolic) swixdi 26 is moved into the posicitm shown by a 
buokcu line and a series of picssuie tauild*np pulses from 
block 27 comes into effect 

Block 25 concqxmds to blocks 15 to 18 in HG. 1 and, 
when a vibzntian signal is p r e aem , tnmsndts a umnM H inn 
signal U3 10 a superimposiiicm stage 29 in which the 
doration of pressure re^icdon and prossnre bniM-up is ^ 
conected in accordance with the t^im^i^ jo torsional 



We doim: . 

1. Antilock brake system for a vehicle comprisii^ 
valve means for controlling brake pressme at Hho wheels^ 
scnsoEs for detenmnii^ wheel speeds V^* 
evaluation ci^oit means for deterxtiining activation times 

of said valve means based on said whcd speeds 

mesms far dctccminifte a diffiaceotial speed signal V^, ftora 
said whtdk speeds Vj^, 

means for detennining whether said ^gnal Yz> has super- 
imposed thereon a frequency 

means for deienmmi^ ^en said finjucu^ m lies within 
a fiequency range typical of drive train vibrations, 

means fbrprodudng a vihi^on signal fimn ssdd differ- 
ential speed signal when said fiequem^ m lies 
within said tangc typical of drive cam vibrations, 

means fox deteimimag when said vibraiSoo signal exceeds 
aihic^iold, 

means for deteimxnziig an engine Speed signal V^, 
means for deter minin g a locsional moment M(t) based on 

the difference between the engine speed si^ial and 

the diferential signal Vj^, and 
means for olOdifyiDg said activadon times in dependence 

on said torsional moment So that said drive tmin 

vibrations decay when said vibmdon -■rfgnai e^ccceds 

said fbiesbold* 

2. Antilockbrake system as in claim 1 wherein said means 
for determining said engine speed signal Vj^f compdsea 

means for measuring the actual cqgine speed 

means for determnnng the total ccaASmissxan tatio I, and 

means for dctenmmng V^f in proportion to N„,o/L 

3. Andlock brake system as in claim 1 wherein said Tnp.flnq 
for determiaing said engine speed signal V^,. canuniscs 
means for filtedng said diffioeDtial speed signal 

4. Atttilock bxake system aa in etaim 3 whertin said 
vehiele has two driven wheels and said miaaTw, for detennin- 
idg said differential speed signal utilizes only the speeds 

of the two driven wheels. 
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